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. (Jeanne, 2007) .
The recent large accumulation of reserves, especially by developing countries, has sparked much research into the motivation underlying such accumulation including its relationship to optimal reserve holding theories. In recent years, reserves have grown rapidly with a substantial share of this growth taking place in developing economies-most notably in a very rapidly growing China. Excess accumulation of reserves relative to established norms is often viewed as evidence of "mercantilist" policies. Most of the reserve assets are issued by the United States-the largest world economy. As the dollar has been depreciating against a background of a deep-rooted saving-investment imbalance, the concentration of reserves compounds concerns about the possibility that large reserve holders might dump these assets rapidly in the market.
Much of the empirical literature has focused on the extent to which reserve accumulation conforms to an optimizing behavior. In as much as reserves serve as insurance against adverse balance of payments pressures and shocks (and as a means to strengthen market confidence), 2 their accumulation should respond to objective criteria as measured by adequacy and optimality benchmarks. Adequacy is typically judged using various rules of thumb 3 and optimality using varied modeling approaches. 4 However, international reserve levels often diverge (in both directions) from desired standard.
If reserve accumulation and holding patterns were guided by an optimal reserve objective, one should observe an inverse correlation between the initial size of reserve (relative to its optimal level) and the growth rate of reserves.
5 I test this proposition by looking at the 2 These might include: assuring smooth functioning of international transactions, intervention in the foreign exchange market to counter market pressures, providing liquidity assurances to banks and depositors in dollarized economies, signaling a commitment to cover international obligations without interruption.
3 Ratios to short term debt, imports, GDP, and broad money are used most frequently. 4 For example, buffer stock models (Goetlieb, 1985) cost-benefit analysis (Jeanne, 2007) […] that depending upon certain assumptions that were difficult to pin down, the optimal level was somewhere between $20 billion and $2 trillion." (Jeanne, 2007) relationship between the level of reserves (scaled by GDP) and their growth rates and find that the evidence for that is weak. This phenomenon, a lack of correlation between a variable's initial stock and its growth rate, is a well-established empirical regularity called Gibrat's law-after Gibrat-who was the first to document it at the beginning of the last century in relation to the firms' growth process. Admittedly, the optimal level of reserve cannot be reduced to its ratio to GDP as it will depend on a host of other factors such as short-term external debt, money, current account balance or imports, exposure to terms of trade shocks, etc. Nonetheless, given the strong correlation of GDP to most of these other variables, lack of statistically significant correlations between the growth rate of reserves and the reserve to GDP ratio constitutes an empirical puzzle. I also test for Gibrat's law using absolute level of reserves (not scaled by GDP) and find that evidence for its presence is not as significant.
Growth processes that follow the Gibrat's law give rise to a regularity called Zipf's Law (Gabaix, 1999) . A variable follows Zipf's law if its size realizations (S i ) are inversely related to their ranking (R i ) with a slope of one (α=1) as in equation (1) below.
This regularity has been observed with respect to frequency of usage of words (Zipf, 1949) , firms' sizes (Simon, 1955; and Axtell, 2001) , city sizes (Krugman, 1996 among others), country sizes (ranked by population) (Rose, 2005) , and as I show in this paper international reserve sizes.
In practical terms, in as much as this empirical finding does not support the view of a convergence of reserves to their optimal level, it also lends support to the continued value of reserve management funds and collective insurance arrangements (such as IMF) that would spread perceived benefits from high reserve holdings by a few to a larger number of countries. Also, as the evidence of Zipf's law is robust over time, it can be viewed as a useful predictor of the distribution of projected international reserves going forward, for instance the one embedded in the WEO projections. This short paper proceeds as follows-I describe the data in Section II, Section III introduces Gibrat's and Zipf's law. In Sections IV and V, I establish their empirical relevance to international reserves. Section VI suggests a practical application for my findings and Section VII concludes. Table 1 includes descriptive statistics of the data-international reserve excluding goldused in this paper. The data are sourced from the IMF International Financial Statistics (IFS). As we can see from Table 1 
II. DATA

III. THE LAWS
Gibrat's law is named after Robert Gibrat who in 1931 when modeling the dynamics of firm size and industry structure noted the presence of this regularity. 6 Gibrat's law says, in our case, that the expected growth rate of reserves is independent of the initial size of reserves. 7 Zipf's law is named after a Harvard linguist, George Kingsley Zipf who formulated it in the course of his study of languages (Zipf, 1949) . In reference to cities, firms, or countries the law says that the number of occurrences of a certain variable greater than S is approximately proportional to 1/S. This formulation assumes an exponent of -1 on S. More general formulation relates a rank to S -α (see equation (1) above). Gabaix (1999) shows that there is a strong link between Gibrat's law and Zipf's law. If growth process conforms to Gibrat's law then a variable will be distributed according to Zipf's law. It has also been noted, with respect to cities and country studies, that when the largest possible sample (in effect a population) is included in the analysis the laws hold only weakly, but the evidence for the laws' presence is convincing for samples limited to the largest subjects-accounting for majority of population. In the case of U.S. cities, studies focused on 50 largest metropolitan areas. To control for this peculiarity I estimate the law for sub-samples corresponding to 75, 90, and 100 percent coverage of total reserves. 8 Countries accounting for up to 90 percent of reserve holdings and their respective shares are listed, in descending order, in Table 2 .
IV. RESERVES SIZE AND RANK: GIBRAT'S LAW
As noted above, reserves serve important macroeconomic purposes. Therefore it is reasonable to expect that their growth would be influenced by their initial size normalized by some scaling variable for example GDP-low stocks would need to be brought up and the excessive ones would need to be brought down. To see if such relationship holds I relate reserves growth to their size scaled by GDP and to their absolute size, as well. I split the data between Bretton Woods period and post-Bretton Woods period and relate growth of reserves to the following initial points-1948 (1960 for reserves scaled by GDP owing to GDP data limitations)-the first year of data in the IFS database, 1971-the year of collapse of Bretton Woods, 1997-the year of Asian crisis, and 1971 again for the whole (till 2006) post-Bretton Woods period. Testing for this relationship is equivalent to testing for a presence of Gibrat's law. Table 3 includes results of the estimation using reserves scaled by GDP as an independent variable. The results show that the evidence for existence of a relationship between an initial size of reserves and their subsequent growth (i.e., against Gibrat's law) is weak. For the population of countries, t-statistics approach conventional levels of significance, indicating that Gibrat's law might not hold, only for the period 1960-71 and 1997-2006-in other words the growth rate of reserves does depend on their initial period sizes, scaled by GDP. This might be the case for two reasons. One, there exists a relationship between reserves growth and their initial stock as suggested by the theory or, two the seeming relationship might have to do with the peculiarities of the data-the lower tail of the population is not diversified enough. 9 To control for that I re-run the regressions for sub-samples accounting for 75 and 90 percent of the total world stock of reserves. For these sub-samples I can conclude that Gibrat's law holds-the slopes are not significantly different from zero. 10 All of the equations fit the data poorly.
8 I use IMF IFS data for international reserves excluding gold for 1948-2006. 9 This is also observed in analysis of cities and countries (ranked by population) Rose (2005) . 10 As the slopes are not significantly different than zero there is insufficient evidence to accept the hypothesis posed above about a negative relationship between the initial size of reserves and their subsequent growth. Without Germany, the remaining observations account for 100 percent of usable data for all sample selections. *** significant at 5 percent.
T-Statistics Percent of Total Reserves
Next, I repeat the test of Gibrat's law for absolute sizes of reserves (not scaled by GDP). For this set of regression I am able to start with 1948 as the first year of observations since the data set for reserves goes back all the way to 1948. The results are summarized in Table 4 . Overall, the results are mixed but tilted more against Gibrat's law than the results for reserves scaled by GDP. For the population, t-statistics indicate that Gibrat's law does not hold for all the periods tested-in other words the growth rate of reserves does depend on their sizes in the initial period, as one would expect given use theories of international reserves. Here again I re-run the regressions for sub-samples accounting for 75 and 90 percent of the total world stock of reserves. For these sub-samples I can again conclude that the evidence for Gibrat's law is mixed. The slopes are not significantly different from zero for 1997-2006 but for other periods some of the results approach conventional (although low) significance levels. All of the equations fit the data (75, 90, and 100 percent) poorly (Table 4) . Graphical evidence for influence of Gibrat's law on international reserves formation is presented in Figures 1 and 2 . Figure 1 includes charts for the full sample and Figure 2 for a sample covering 90 percent of the total reserve holdings. 
V. RESERVES SIZE AND RANK: ZIPF'S LAW
I established that Gibrat's law should to some extent affect the process of reserve formation. As mentioned above, Gibrat's law influence on the process of formation of international reserves should result in the latter being distributed according to the Zipf's law. The evidence for presence of Zipf's law is presented in Table 5 and in Figures 3-6 . The results for the IFS population are presented in Figures 3 and 4 and for a sample corresponding to 90 percent of the total in Figures 5 and 6 . The Bretton Woods period is described in Figure 3 (full sample) and Figure 5 (90 percent). Post-Bretton Woods period in Figure 4 (full sample) and Figure 6 (90 percent). For the population the results indicate that reserve holdings are not distributed according to Zipf's law. This is illustrated in Table 5 and Figures 3 and 4 . The slope is less than one for all (Bretton Woods and post-Bretton Woods) years, statistically significant, and the regression fit is very good. Next, I want to find out if Zipf's law holds for a sample smaller than population, and at what percentage of total reserves the law holds. To establish that, for the years selected, I run regressions starting at 12 observations (corresponding to about 60 percent of the total) and next, extend coverage all the way to the full sample. I find that distribution of reserves for a sample of countries accounting for a share of total reserves as high as 90 percent is fairly well approximated by Zipf's distribution. Formally this seems in accordance with what is observed in investigations of Zipf's law in relation to cities and countries (ranked by population). The population is not differentiated enough at its lower tail-it includes too many members with approximately the same size of reserves. But, the results for 90 percent of the total are as expected-all slopes are very close to 1, very strongly significant, and the fit of regressions is very good (Table 5 ). 
VII. CONCLUSION
In this short paper I analyzed size distribution of international reserve holdings. I showed that it corresponds reasonably well to Zipf's law and Gibrat's law, both of which apply to size distributions of cities and countries (when ranked by population). This result is presented as an empirical puzzle and informed speculations as to what kind of process might be responsible for this phenomenon are left for future work.
